
TOWARD A ROAD MAP FOR SCALABLE ADVANCED LEARNING 
ECOSYSTEMS (SALES)

Robert S. Kadel, 1,* Yakut Gazi, 2 Stephen Harmon, 3 Ashok Goel, 4 & Troy 
Courville 2

1 Strada Institute for the Future of Work, Atlanta, GA
2 Georgia Tech Professional Education, Atlanta, GA
3 Center for 21st Century Universities, Georgia Tech, Atlanta, GA
4 College of Computing, Georgia Tech, Atlanta, GA

*Address all correspondence to: Robert S. Kadel, Strada Institute for the Future of Work,
10 W. Market Street, Suite 1100, Indianapolis, IN 46204; Tel.: (+1) 317-806-1243, E-mail: 
rob.kadel@stradaeducation.org

Fifty-five educators from around the country convened on the Georgia Tech campus in 
November 2018 to discuss the concept of scalable advanced learning ecosystems 
(SALEs) (Kadel, R.S., Finding the Right Wavelength: Scalable Advanced Learning 
Ecosystems, Int. J. Innovations Online Educ., vol. 2, no. 2, https://onlineinnovationsjournal. 
com/streams/editor-s-choice-articles/0791c5ee61f00a91.html, 2018). The purpose was to 
identify the overarching issues that would need to be addressed in creating a system of 
learning that was both highly personalized and scalable online. Five themes emerged from 
the summit: (i) enhanced learner agency; (ii) transformation of instruction, assessment, 
and the faculty role; (iii) rethinking accreditation, financial aid, and the credit hour; (iv) 
moving toward a complex and interconnected technical infrastructure; and (v) affordability 
and determining return on educational investment. This paper illuminates these five 
themes. Funding for the summit was provided by the National Science Foundation under 
grant DRL-1824854 (Synthesis and Design Workshops).
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1. INTRODUCTION
In November 2018, an article by Kadel (2018) was published in the Editor’s Choice stream 
of this journal on scalable advanced learning ecosystems (SALEs). That article served two 
purposes. First, it was a thought piece on the necessity of thinking about scalable online 
learning as an ecosystem of platforms and tools that need to work seamlessly in order to 
provide a consistent learner experience. Furthermore, it would provide instructors and 
administrators flexibility in the tools they need to deliver learning effectively, whether fully 
online or in a blended format. Second, the article was a preview of a summit, sponsored by 
the National Science Foundation (grant no. DRL-1824854 [Synthesis and Design 
Workshops]), that sought to bring together educators from around the country to 
collaborate on ideas for SALEs. Fifty-five attendees came together on the Georgia Tech 
campus on November 29 and 30, 2018 to create a road map for creating SALEs.

This paper, a follow-up to the original article, will illuminate some of the major themes that 
emerged from the SALE summit. (A full accounting of the conference is expected to be 
published as a white paper through NSF in 2019.) The summit was organized around five 
working groups: business models; technical infrastructure; immersive learning, such as 
augmented and virtual reality; artificial intelligence and personalization; and research, 
assessment, and insights. Each of the groups was tasked with a series of questions to 
consider and asked to use those questions to create visions for the future of a SALE in 1
–2, 3–5, and 6–10 years.

In comparing these visions, both during the summit and in subsequent discussions, five 
major themes emerged that showed the overlap of the groups’ work. The following 
sections provide descriptions and examples of these major themes.

2. OVERARCHING THEMES FOR SALES
Although each workgroup identified various perspectives and characteristics of SALEs 
within their own domains, five major themes repeated across all these domains.

2.1 Enhanced Learner Agency
The most sweeping theme centered on the individual learner, who will have agency over 
what, how, when, and where he or she learns. That is, the learner will have some options 
for what courses constitute a degree or certificate program, whether those courses will be 
delivered online or in a blended format, what schedule for learning best fits the learner’s 
life, and what environment the learner chooses for completing coursework (from 
classrooms to coffee shops). To aid the learner in this journey, much attention was paid at 
the SALE summit to the role of artificial intelligence (AI). AI-based learning applications will 
continue to develop from being a “cognitive primer” to a “cognitive partner.” Whereas most 
AI applications currently in use are able to deliver information based on algorithms that 
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predict what information a learner needs, AI apps of the future will be able to provide 
deliberate practice with feedback, either within an online learning management system or 
as standalone apps. For example, the online videos of the Georgia Tech OMSCS 7637 
class on Knowledge-Based AI have about 150 problem-solving exercises built into them. 
Most of these exercises come with tutors who assess the student’s answer and provide 
explanations when it is incorrect (Goel and Joyner, 2017). The students have found these 
exercises and tutors both interesting and useful. Ou et al. (2019) presented a seven-
principle model for designing instructional videos abstracted from this course.

In the future, AI apps will also act as a coach that assesses the level of learning, delivers 
content in ways that are tuned to each learner’s needs, and prompts the learner in order to 
measure competence. As those competencies are demonstrated, the learner’s 
transcript—we use that term loosely here—will reflect not only mastery of content 
knowledge across multiple learning outcomes, but also mastery of “human + skills” (Weise 
et al., 2018) in critical thinking, presentation, writing, collaboration, etc. These AI apps will 
be useful not only for online education but also for blended learning (Madden et al., 2019).

The shift to learner agency however is not limited to changes in instructional technology. 
Business models will also need to adapt. For example, how much will learners need to 
pay, and how will such monies be aggregated or disaggregated? The standard tuition 
model will need to be replaced with one that encourages payment according to each 
learner’s individual needs. Likewise, this would necessitate changes in financial aid, such 
as what counts as “full-time” enrollment, or enrollment in professional development 
courses rather than, or in addition to, credit-bearing activities, when the standard Carnegie 
unit may face its own set of changes.

Consequently, this could result in changes to revenue models. The logic based on a 
traditional view of higher education may conclude that, if learning is less defined by a 
specific degree program and more by competencies across a range of subjects, then 
revenue will likely decrease. If Student A would normally pay $40,000 for a four-year 
degree program, but she can give evidence of prior learning and finish in three years, then 
the institution only receives $30,000. Bradley et al. (2012) dispelled this myth in their 
discussion of the Prior Learning Model of competency-based education. The authors 
stated that revenues would not be negatively affected by changes in such education 
because the faster a student moves through the program, the sooner another student 
could be added. In other words, if Student A is given credit for prior learning, she will 
simply finish her program in three years instead of four. This would open up a spot for 
Student B to start, ensuring a steady stream of students enrolling at the institution. 
Furthermore, according to Bradley et al. (2012), such a model may be more attractive to 
students with on-the-job experience that can be applied to the program, thus increasing 
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the number of students who would wish to be served by that program. Obviously, online 
programs with more generous or more nebulous concepts of “available seats” create 
additional flexibilities for competency-based, competency-oriented, or learner-led 
educational activities.

This emphasis on learner agency invigorates the domain of heutagogy, the study of self-
determined learning. In a heutagogical approach to learning, learners are expected to be 
highly autonomous, owning the path to learning as well as the processes and the criteria 
for what will be learned and how (Hase and Kenyon, 2001). Learner agency and autonomy 
is also a source of caution, though (Gazi, 2014), for two major reasons: first, decisions 
about what to learn and how to learn can lead to gaps in competence, which may cause 
material loss or loss of lives. Hence, there should be multiple levels of accountability built 
into the learning experience to ensure that, independent of the choices learners make, the 
result of the learning experience is mastery of the essential learning outcomes. Second, 
personal autonomy and freedom of choice, foundational characteristics of adult learning as 
defined by Boyd (1966) and Anderson (2013), are primarily Western and democratic 
values. Hence, such freedoms need to be carefully examined with an open mind about 
their utility in a variety of global educational platforms and contexts.

2.2 Transformation of Instruction, Assessment, and the Faculty Role
As the learner’s experiences and choices dictate more and more of the learning process, it 
will also be necessary to change instruction to provide the best and most applicable 
knowledge and skills. One working group at the SALE summit spent considerable time 
looking at the value of immersive learning—augmented, virtual, and mixed reality. The 
goal of using such technology should be “to make the unfamiliar familiar,” said this group. 
Multiple studies have demonstrated the value of experiential learning [see, e.g., Kolb 
(2015)]. However, in-person experiential learning can be costly and is not scalable. 
Immersive learning provides an avenue to deliver to the learner experiences beyond the 
classroom, but wholly online in a simulated environment. A prime example would be 
walking the streets of Berlin during the 1961 construction of the wall versus the destruction 
of that wall in 1989. Students could learn about the politics, economics, culture, history, 
and unrest that ultimately brought down one of the greatest symbols of the Cold War.

Currently, virtual and augmented reality headsets are cumbersome and expensive. 
However, companies from Microsoft to Magic Leap are making great strides in reducing 
both the size and cost of these headsets, while also harnessing increased processor 
speed that will allow for better virtual experiences. With 5G networks (Techradar, 2019) 
and the new WiFi6 standard (WiFi Alliance, 2019) in the near term, it will be easier than 
ever to stream the tremendous amounts of data needed to render these virtual worlds at 
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home, at school, or on the go. This will make AR/VR experiences less dependent on large 
desktop computers and massive local storage. The end result will be experiential learning 
that draws on a vast library of experiences and interactions but with reduced cost and 
increased availability for learners.

New ways of assessing student learning will work hand in hand with the adoption of 
immersive learning environments. Summative assessments, for example, can be 
redesigned to take place within a virtual world. These will reflect realistic scenarios and 
challenges and will provide case studies that are directly related to the careers students 
will have. As such, assessments will be chunked into smaller parts, evaluating knowledge 
in an episodic way. (We are already seeing this in many online courses, where content 
and assessments are interwoven to provide more quick, real-time feedback to the learner.) 
On the plus side, this allows for better real-time intervention for struggling learners. 
However, on the minus side, this process will make for a less holistic measure of learning, 
which must be addressed at some point in the learning process.

As the landscape of instruction, assessment, and administration changes, so too will 
employment. Instructors will need to be as flexible as the courses and programs that are 
being delivered to students. This could result in two significant changes: first, there may be 
less of a need for traditional instructional tasks. As instruction becomes more scalable 
through a variety of online systems, fewer faculty will be needed to deliver that instruction. 
However, this is not to say that the faculty role will become extinct. Faculty will continue to 
create the curriculum and be the owner of the digital learning environment; however, as 
many of the tasks of instruction will become more automated and scaled to larger 
audiences of students, the faculty role will shift to mentoring and facilitation of learning. 
Faculty will continue to be the authority on expected outcomes and how those outcomes 
are demonstrated and assessed. Although, even the most hardworking faculty member 
would not be able to meet all the needs of a class of 1,000 students. Therefore, and the 
second significant change, schools will need to hire more teaching assistants who can 
provide the day-to-day contact hours that students will need. As above, such services 
would be in addition to any automated instruction that the students receive regularly. One 
question the SALE summit participants asked along these lines is whether this will affect 
the number of graduate students who go on to earn their PhD rather than taking a full-time 
job as a teaching assistant. This remains an open question.

2.3 Rethinking Accreditation, Financial Aid, and the Credit Hour
In the vast and often confusing landscape of postsecondary education, it is often difficult 
for students to know how to assign value to specific educational opportunities. If you think 
of higher education as an investment from which you later expect a positive return (see 
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Section 2.5) then potential students need a way to evaluate the possible risks associated 
with that investment. In the world of finance, this is done partly through corporate credit 
ratings, and there are a handful of independent firms (e.g., Moody’s and Standard and 
Poor’s) that regularly publish such ratings. In higher education, a similar function is 
accomplished through accreditation. Accreditation is an attempt to guarantee quality and is 
a shortcut to making an informed decision as to the reputability of an institution. There are 
twenty-one institutional accreditors recognized by the U.S. Department of Education at the 
time of this writing in the United States, and a few dozen programmatic accreditors (U.S. 
Department of Education, 2019c). The Council for Higher Education Accreditation (CHEA) 
recognizes seven regional accrediting agencies (CHEA, 2019) and over 150 additional 
international organizations. There are at least 191 unrecognized accrediting agencies 
operating in the U.S. (Wikipedia, 2019). The U.S Department of Education database of 
accredited campuses contains over 31,000 entries, including multiple campuses belonging 
to the same institution (U.S. Department of Education, 2019c).

When the accreditation space is overwhelming even to those of us in higher education, 
how can learners be expected to make sense out of it? Despite the best efforts of policy 
makers, accrediting agencies, and institutions, accreditation has been, and very much still 
is, a resource-intensive administrative activity that repels most higher education faculty. 
Accreditation’s focus on controlling change to maintain the evaluated and certified quality 
makes it notorious for its rigidity to allow for educational innovation. Having said that, we 
also see incredible examples of innovation in the higher education space within the 
restrictions of regional accreditors. For example, Georgia Tech’s affordable master’s 
degrees at scale (in computer science, analytics, and cybersecurity) (McKenzie, 2018), 
Arizona State University’s Global Freshmen Academy (Arizona State University, n.d.), and 
edX’s MicroMasters credentials (edX, n.d.) were launched in partnership with elite 
institutions that provide pathways from open and free courses to degrees.

One of the biggest challenges to creating SALEs with any sort of flexibility in courses and 
degrees is the credit hour (Carnegie Unit). The overreliance on the credit hour as a 
measure of learning has resulted in definitions of courses (three credit hours), degrees 
(e.g., 120 credit hours for a bachelor’s degree), and so on. Federal financial aid—and 
many employer-based programs—are tied to the credit hour, where in order to qualify, the 
learner must be taking at least 12 credit hours per semester. However, if learning and 
instruction are changed such that students enroll in micro-courses, service-based learning, 
or competency-based learning (to name just a few examples), the credit hour becomes a 
limiting definition of learning. For example, a credit hour is supposed to represent one hour 
of faculty–student contact time per week during a 15-week semester. If courses at the 
same institution run on 4-, 5-, 10-, and 15-week schedules, the credit hour is not flexible 
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enough to be a measure of learning in all of them. Furthermore, in competency-based 
programs, where faculty–student contact time may be different for each student depending 
on their incoming competencies, how does the credit hour apply equally to all?

In late 2018, the Department of Education initiated a rulemaking process that intended to 
address several issues, including the credit hour (U.S. Department of Education, 2019a). 
The proposed language for the credit hour would replace the existing definition as “defined 
by an institution and approved by the institution’s accreditor and is based upon an amount 
of work, a unit of time spent engaged in learning activities, and/or a set of clearly defined 
learning objectives or competencies” (U.S. Department of Education, 2019b, p. 2). This 
new definition removes credit hour/clock hour equivalency and is poised to open a new 
approach to institutional eligibility for financial aid. Although these are initial proposals, 
they give us an idea of how the Department of Education intends to change accreditation, 
providing clarity around the credit hour and regular and substantive interaction, and 
providing pathways for innovation. The rulemaking process will be open for public 
comments and ideas.

One possible idea is suggested in the report of the Georgia Tech Commission on Creating 
the Next in Education (Office of the Provost, 2018). This report proposes a new unit for 
recording student learning based on achievement instead of a fixed time in which the 
achievement must happen. Called the “Dewey Unit” after John Dewey, this unit measures 
experiential learning that may happen in or out of the classroom. Students will be able to 
get credit not only for formal classroom accomplishments but also for more informal 
learning activities that may happen in small increments and in a wide variety of settings. 
Switching to credit being experience-based rather than time-based allows students to have 
much more agency in creating a personalized learning journey that is also more readily 
amenable to credit transfer and financial aid.

2.4. Toward a Complex and Interconnected Technical Infrastructure
In 2013, Rob Abel (IMS Global), Malcom Brown (EDUCAUSE), and Jack Suess 
(University of Maryland Baltimore County) had an article published in EDUCAUSE Review
titled, “A New Architecture for Learning” (Abel et al., 2013). The article served as a “call to 
action” for information technology managers to collaborate on and adopt a set of standards 
that would allow for agility, flexibility, and personalization across the range of educational 
platforms and applications that support learning. That article also served as one of the 
precursors to terms common in educational ecosystems today, such as Learning Tools 
Interoperability (LTI) (IMS Global, 2019a) and Next Generation Digital Learning 
Environments (NGDLEs) (Pomerantz et al., 2018). NGDLEs are, in their core, ecosystems; 
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dynamic, interconnected, ever-evolving communities of learners, instructors, tools, and 
content (Feldstein, 2017).

We view NGDLEs as one major part of the SALE landscape. To a large extent, the 
NGDLE would address technical infrastructure needs and standards that range from 
application integration, such as: (i) making it easy to ingest data from all platforms by 
adhering to standards like Caliper or xAPI, (ii) allowing content to be easily transportable 
between platforms using Common Cartridge or SCORM, (iii) enabling instructional teams 
to expand functionality and tighten integrations using LTI or open APIs, and (iv) enabling 
personalized learning through a highly flexible framework that encourages instructors to 
mix and match or plug and play components (Lisle and Gazi, 2019).

A major challenge to the idea of demonstrating mastery of both content and skills will be in 
how that information is shared with employers, other schools, or anyone who has an 
interest in what a student is able to do. IMS Global has proposed the “Comprehensive 
Learner Record” (CLR) (IMS Global, 2019b) now making headlines (Shendy et al., 2019). 
The CLR is envisioned as a collection of skills, experience, abilities, competencies, etc., 
that provide much more granular detail about what (and how) a student has learned. 
Technology infrastructure is expected to support a comprehensive learner record, similar 
to how healthcare systems are investing in electronic health records for patients. Thus, as 
a learner swirls in an and out of educational activities throughout their lifetime, no matter 
how many different institutions touch the learner and the type of credentials and 
competencies are achieved, there is a coherent and comprehensive record of activity that 
is owned by the learner. Data would be collected with the student’s permission and 
gathered into a repository that can be shared with anyone the student deems should have 
access to the information. It would further be customizable so that the student can share 
relevant information, depending on the recipient’s needs. Georgia Tech is making a push 
into the CLR where such information would be shared on the Blockchain (Office of the 
Provost, 2018). Other institutions, such as MIT (Newton, 2018), the Universities of 
Auckland and Melbourne (Browne and Manahan, 2018), UNESCO (Chakroun, 2018), and 
the entire nation of Malta (Tonin, 2019) are experimenting with sharing such academic 
credentials on the Blockchain.

2.5 Affordability and Determining Return on Educational Investment
Parents, students, companies, the federal government, etc., invest significant resources 
into postsecondary institutions with the expectation to receive some future benefit. Yet, 
increasingly, the ability of postsecondary institutions to deliver the expected return on 
investment has been called into question. For instance, a 2018 Gallup poll indicated that 
only 48% of U.S. adults expressed “a great deal” or “quite a lot” of confidence in higher 
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education, which represents a 9% drop from the 2015 poll (Jones, 2018). Furthermore, 
Jones (2018) noted that “No other institution has shown a larger drop in confidence over 
the past three years than higher education” (p. 2). Whereas studies like this poll can and 
should alarm postsecondary educators, the results are undergirded by a complex system 
of expectations and metrics that are not aligned and present an inadequate view of 
postsecondary return on investment (ROI). Blagg and Blom (2018) emphasized this issue 
in their conceptual framework for ROI. For example, the first component of their model 
emphasizes that “the exact returns for an individual are highly uncertain and evolve over 
the years” (p. 2). The authors go on to emphasize that this uncertainty, in part, can be 
traced back to things such as variation in financial aid packages; the amount of time to 
graduation; earning variations by institutions, major, degree level, and earning variation; 
and variation in earnings by demographics and local economic conditions.

As the postsecondary community considers a future with SALEs, the community must 
recognize the considerable ROI challenges SALEs present. Considerable debate exists 
about the ROI of online learning (Protopsaltis and Baum, 2019). Furthermore, creating an 
ecosystem of platforms and tools represents a sizeable technology investment, with the 
benefits often not seen by the students whose tuition and fees are being invested. That 
being said, the investments made in SALEs are investments into the core mission of 
institutions, namely, learning and the learner experience. SALEs strive to allow institutions 
to more deeply acknowledge the individuality in ROI. SALEs that integrate systematic ROI 
investigation and reporting provide an opportunity to reshape the ROI debate, with 
parents, students, legislatures, donors, etc., becoming informed partners.

SALEs can achieve affordability through scale, as evidenced by Georgia Tech’s master’s 
degrees in computer science, analytics, and cybersecurity, all offered for under $10,000 
for program tuition and fees. These programs collectively have almost 12,000 students as 
of Spring 2019. Master’s tuition at a fraction of the cost of the residential program at a top-
ranked university, with essentially unlimited capacity makes a very compelling and exciting 
case for ROI.

3. CONCLUSION
The experts and practitioners from a variety of domains, whom we brought together under 
the auspices of the National Science Foundation and Georgia Tech, identified the broad 
themes that will achieve SALEs. It should not be surprising that learners, learning 
environment, policies, technological infrastructure, and business sense stood out from the 
rest of the issues and characteristics identified. These are broad themes to address in any 
digital learning environment. Having said this, the devil is in the details. SALEs pose 
significant challenges in terms of the rapid pace of technological advances that are 
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promising yet still elusive and resource-intensive. They expose the vulnerabilities in terms 
of governance (of policy making, data, and faculty role, to name a few). More importantly, 
not all institutions can achieve scale in all subject areas. Therefore, it will be interesting to 
see unfold those who will emerge as leaders and establish themselves in certain fields.
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